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Random polyesters I, II, III and IV of poly[oxy-trans-l,4- 
cycl ohexyleneoxycarbonyl-trans-1,4-cycl ohexylenecarbonyl-co-oxy-trans- 
1,4-cylohexyleneoxysebacoyl], were prepared with trans-1,4-cyclohexaned 
carbonyl chloride and sebacoyl chloride ratios of 1:1, 3:2, 0.65:0.35 
and 7:3, respectively, by step reaction polycondensation with trans-1,4- 
cyclohexanediol. 
The synthesized polyesters were characterized by IR and MR 
spectroscopy, differential scanning calorimetry, thermogravimetric 
analysis, optical polarizing microscopy, viscometry and gel permeation 
chromatography. 
The random polymers and homopolymer, poly[oxy-trans-l,4-cyclo- 
hexyleneoxycarbonyl-trans-l-4-cycl ohexylenecarbonyl], are compared in 
terms of thermal stability, structure and liquid crystallinity. 
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INTRODUCTION 
The synthesis and characterization of aromatic polyesters have 
been intensively studied. Such polyesters have exhibited high levels of 
thermal and mechanical properties.1 Similar work has been done on 
polyesters containing aromatic and cyclohexane ring systems.2 In this 
paper polyesters containing cyclohexane rings are discussed. 
Polyesters are one class of polymers with wide application in 
medicine and technology.3-5 Polymers are made up of repeating monomer 
units within the molecular chain. Homopolymers consist of one type of 
repeating unit, whereas copolymers are composed of two or more different 
repeating units. There are four types of copolymers: alternating, 
random, block and graft. Scheme I shows their structural arrangments. 
Alternating copolymers have monomer units alternating with a 
monomer of the second kind in the backbone of the molecular chain. 
Random copolymers have repeating units randomly distributed along the 
backbone of the molecular chain. Block copolymers have backbones 
consisting of fairly long sequences of different repeating units. 
Graft copolymers contain one or more polymers as branches on another 
preformed macromolecule. 
There are, ordinarily, two methods by which polymerization can take 











An addition polymer is one in which the repeating units have the 
same composition as the monomers from which they are formed. The 
polymer is formed from a bi- or poly-functional monomer by addition of 
one monomer to another without the loss of any portion of the monomer. 
The reaction is catalyzed or initiated and involves a change in bonding 
from a sp2 bond to a sp3 bond. Polymers formed from the polymerization 
of vinyl monomer are the most common of this class: 
n CH2=CH -»• [CH2-CH] n 
X X 
Addition polymerizations proceed by a chain mechanism involving 
active centers of the growing chain. 
M M 
M+I* * IM* + IM-M* + IM2M* nM^, I(M)n+2M* 
I* can be a free radical initiator, a cationic initiator or an anionic 
initiator. In this type of propagation, the synthesis of a complete 
polymer molecule occurs quickly and the polymer molecular weight tends 
to be very high. 
Condensation polymers do not have the same composition as the 
monomer(s) from which they are formed or to which they may be degraded 
by chemical means. These polymers are formed from bi-or poly-functional 
monomers with the elimination of some small molecules as a byproduct, 
usually water, methanol or hydrogen chloride. A general example of 
condensation polymerization is: 
4 
n X-A-X+nY-B-Y *X“ [A-B] “Y + nXY 
n 
In this study we used condensation polymerization which proceeded by a 
step-wise intermolecular condensation involving monomers with diol and 
diacid chloride functional groups. In order for useful molecular 
weights to be obtained, the polymerization reaction must be an extremely 
efficient process. Exact equivalence of functional groups, absence of 
side reaction and high monomer purity are required to observe high 
reaction conversion in step growth polymerization. 
An interesting property that some polyesters have is to form a 
liquid crystalline phase as observed by their ability to rotate the 
plane of cross-polarized light.?_9 
The liquid crystalline state is intermediate between the 
three dimensional order of the crystalline state and the disorder of 
an isotropic fluid. The major important feature of these polymers is 
that they form partially ordered melts or partially ordered solutions 
which can be processed in such a way that fibers with a very high 
degree of orientational order and chain extension are obtained. This 
specific structure leads to superior mechanical properties of the 
polymer. 10 Liquid crystals that are formed as a result of variations 
in temperature are called thermotropic liquid crystals and those that 
are formed as a result of variations in the concentration of solution 
are referred to as lyotropic liquid crystals. Lyotropic liquid crystals 
may also show thermotropic behavior and, on heating, may become isotropic. 
5 
A mesomorphic or liquid crystal phase character!-zed by a reversible 
phase transition is referred to as enantiotropic. 
The original concepts of structural order in liquid crystal poly¬ 
mers were based on the well developed scheme used for low molecular 
weight liquid crystal s. This point of view has not undergone 
a considerable change up to the present, although many authors have 
mentioned the limitation of the classical scheme for low molecular 
weight liquid crystals when applied to polymer systems. 14,15 
Lately, attempts have been made to develop a more general approach 
based on the Hoseman theory of paracrystallinity.Thus, according 
to the classical scheme thermotropic liquid crystal polymers can be 
further classified into nematic, cholesteric, and smectic, according 
to the degree and type of molecular orientation observed when a trans¬ 
formation from one phase to another takes place in an identical manner 
as with low molecular weight compounds.^ 
Structurally, nematics are somewhat similar to conventional 
liquids; however, the molecular arrangements are characterized by 
long-range orientational order in longitudinal packing (Figure 1). The 
prevailing direction (n) of the molecular orientation is influenced by 
external forces such as stress and thermal, electrical and magnetic 
fields. 18,19 distinct correlation in the arrangement of the 
molecular centers of gravity along the vector (n) is absent. 
Structurally, on a short range level, cholesterics are similar to 
nematics. They are characterized by the orientational order of molecules 
6 
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Figure 1. Schematic representation of nematic phase. 
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Figure 3. Schematic representation (two types) of smectic phase. 
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of the nematic type within each layer, the orientation of the vector 
(n) regularly changing (Figure 2). As a result of such change, a macro¬ 
helix is formed. Therefore, the chloesteric mesophase is sometimes 
called a "twisted" nematic.20 
As compared with nematics and cholesterics, smectics are character¬ 
ized by a certain order in the arrangement of the molecular centers of 
gravity along the vector(n). A layered structure with periodicity (d) 
is formed (Figure 3).21,22 The smectic's long range molecular axes are 
directed along the normal to the plan of the layer. 
Polyesters with rigid backbones have been examined for their 
thermotropic liquid crystal properties and for the mechanical properties 
of the final product.23-29 Homopolyester, poly[oxy-trans-l,4- 
cyclohexyleneoxycarbonyl-trans-l,4-cyclohexylenecarbonyl] is a logical 
representative polyester expected to have a rigid rod shape and to give 
an anisotropic melt. In general, if mesogenic (stiff) groups are used 
to build up a polymer chain, stiff chains are obtained. A disadvantage 
of these systems is the fact that reorientational motions, necessary 
for textural changes, may be slow or even totally restricted, due to 
the chain stiffness. The glass transition and melting temperatures as 
in the case of homopolyester, poly[oxy-trans--l ,4-cycl ohexyleneoxy- 
carbonyl-trans-l,4-cyclohexylenecarbonyl], are too high for proper 
characterization of the anticipated mesophase and also for processing. 
Decomposition occurs before melting. 
9 
In order to overcome this disadvantage we added the flexible 
sebacoyl spacer group to the main polymer chain of homopolyester, 
poly[oxy-tran-l ,4-cyclohexyleneoxycarbonyl-trans-1,4-cyclohexylene- 
carbonyl], so as to decouple the motions of the individual mesogenic 
groups, and thus lower the transition temperatures, especially the 
crystalline melting point, without destroying the thermotropic behavior. 
The principal effect of the flexible spacer is to decrease the transition 
temperature and melting temperature and to narrow the temperature range 
AT(T-j-Tm) over which thermotropic behavior of the polymer occurs. 
The objective of this research project was to synthesize and fully 
characterize random copolyesters which we hoped would be thermotropic 
liquid crystals, with increased solubility, lower processing tempera¬ 
tures, and relatively high levels of thermal and mechanical properties. 
These goals were to be achieved by introducing a flexible spacer 
(sebacoyl) between the mesogenic groups of homopolyester, poly[oxy- 
trans-1,4-cyclohexyleneoxycarbonyl-trans-1,4-cyclohexyl enecarbonyl]. 
The random copolymer and homopolymer are compared in terms of ther¬ 
mal stability, structure, and liquid crystallinity. 
EXPERIMENTAL 
Measurements 
Inherent viscosities were measured at a concentration of 0.5g/dL 
of polyesters in m-cresol and in ^-chlorophenol using a calibrated 
Cannon Fenske viscometer. Molecular weight data of poly[oxy-trans-l ,4- 
cyclohexyleneoxycarbonyl-trans-1,4-cyclohexylenecarbonyl-co-oxy-trans- 
1.4- cyclohexyleneoxysebacoyl ] prepared by polycondensation of trans-1,4- 
cycl ohexanediol with trans-1,4-cyclohexanedicarbonyl chloride and 
sebacyol chloride in ratios of 1:0.50:0.50; 1:0.60:0.40; 1:0.65:0.35; 
and 1:0.70: 0.30 (polyesters I, II, III and IV, respectively) were 
obtained at a concentration of 0.01 g of polymer per 10 ml of chlor¬ 
oform at a flow rate of 2.0 mL/min with the Waters Model 150C Gel 
Permeation Chromatograph and M730 data module on 5x10^-,10^- and 
10^- Styragel columns. 
IP, spectra of the monomers, trans-1,4-cycl ohexanediol and trans- 
1.4- cyclohexanedicarbonyl chloride, and polyesters I, II, III and IV, 
poly[oxy-trans-l,4-cyclohexyleneoxycarbonyl-trans-1,4-cyclohexylene- 
carbonyl-co-oxy-trans-1,4-cyclohexyleneoxysebacoyl] with trans-1,4- 
cyclohexanedicarbonyl chloride and sebacoyl chloride ratios of 1:1; 3:2; 
0.65:0.35; and 7:3 respectively, were obtained using KBr discs and the 
Beckman 4240 IR spectraphotometer. 
10 
11 
The proton MR spectrum of polyesters I, II, III and IV were ob¬ 
tained in deuterated chloroform on the Bruker WH-400 spectrometer at 
250 MHz. Thermal properties were determined in a nitrogen atmosphere 
with the Dupont 990 Thermal Analyzer and Dupont 910 Differential Scan¬ 
ning Calorimeter. Melting points were determined using the Thomas 
Hoover capillary melting point apparatus. Polarizing optical micro¬ 
scopy was performed on a Leitz Laborlax 12 Pol Microscope with a 350 
heat stage. Elemental analysis data were provided by Galbraith Labora¬ 
tories. 
Reagents 
Trans-1,4-cyclohexanediol was isolated from the cis, trans-1,4- 
cyclohexanediol mixture according to a procedure described in the 
1iterature. 30 Trans-1,4-cyclohexanedicarbonyl chloride was obtained by 
the reaction of trans-1,4-cyclohexenedicarboxylic acid and phosphorous 
pentochloride according to a procedure described in the 1iterature.31 
Sebacoyl chloride is a commercially available product. The solvent used 
for the polyesterification, c^-dichlorobenzene, was purified by fraction¬ 
al distillation and stored over molecular sieves. 
The monomers, trans-1,4-cyclohexandicarbonyl chloride and trans- 
1,4-cycl ohexanedi al, were dried in a vacuum oven at 50 and 30°C, re¬ 
spectively, for 24 hr and their melting points and IR spectra deter¬ 
mined. 
12 
Preparation of trans-1,4-cyclohexanedicarbonyl chloride. Trans-1,4- 
cyclohexanedicarboxylic acid (20.0 g) and phosphorous pentachloride 
(52.0 g) were placed in a 500 mL round-bottom flask in anhydrous ethyl- 
ether (120 ml) medium and the mixture was refluxed for 6 hr. After 
cooling, the unreacted acid was filtered off and the acid chloride 
solution was subjected to vacuum distillation. The ether was distilled 
off at 15°C and phosphorous oxychloride at 35°C (ca 10 mm). After 
complete evacuation of ether, water, and phosphorous oxychloride, 
distillation was stopped. Crystals formed after the solution was 
allowed to cool. Trans-1,4-cyclohexanedicarbonyl chloride was collec¬ 
ted and washed with dry hexane (m.p. 68-70°C). It was then dried in a 
vacuum oven at room temperature for 24 hr. 
Preparation of polyester I using a 1:1 ratio of trans-1,4-cyclohexanedi- 
carbonyl chloride (TCCC) and sebacoyl chloride(SC). A 250 mL three-neck¬ 
ed round-bottom flask equipped with a condenser, a nitrogen gas inlet, 
a magnetic stirrer, a thermometer, and a potassium hydroxide trap was 
charged with 4.302 gm (0.037 mol) of trans-1,4-cycl ohexanediol and 100 
ml of o-dichlorobenzene. To this stirred mixture was added 4.644g 
(0.022 mol) of trans-1,4-cyclohexanedicarbonyl chloride and 3. 540g 
(0.015 mol) of sebacoyl chloride under a nitrogen atomosphere. The 
mixture was refluxed for 9 hr at 125°C to ensure complete evolution of 
hydrogen chloride gas. After cooling, the polymer was precipitated by 
pouring 100 mL of hexane into the reaction mixture. The polymer was 
13 
allowed to stand in hexane for 24 hr at 0°C. After washing three times 
with acetone, several times with deionized water, three times with 
methanol and finally several times with deionized water, 12.21 g of 
polyester I was obtained after drying in a vacuum oven for 24 hr at 
120 °C. 
Preparation of polyester II using a TCCC: SC ratio of 3:2. A 250 mL 
three-necked round-bottom flask equipped with a condenser, a nitrogen 
gas inlet, a magnetic stirrer, a thermometer, and a potassium hydroxide 
trap was charged with 4.00g (0.034 mole) of trans-1,4-cyclohexanediol 
and 100 mL of ci-dichlorobenzene. To this stirred mixture was added 
4.32g (0.021 mole) of trans-1,4-cyclohexanedicarbonyl chloride and 
3.30g (0.014 mol) of sebacoyl chloride under a nitrogen atmosphere. 
The mixture was refluxed for 8 hr at 140°C to ensure complete evolution 
of hydrogen chloride gas. After cooling, the polymer was precipitated 
by pouring 100 mL of hexane into the reaction mixture. The polymer was 
allowed to stand in hexane for 24 hr at 0°C. After washing three times 
with acetone, several times with deionized water, three times with 
methanol and finally several times with deionized water, 11.46g of 
polyester II was obtained after drying in a vacuum oven for 24 hr at 
120 °C. 
Preparation of polyester III, using a TCCC: SC ratio of 0.65:0.35. A 
250-mL three-necked round-bottom flask, equipped with a condenser, a 
nitrogen gas inlet, a magnetic stirrer, a thermometer, and a potassium 
14 
hydroxide trap was charged with 2.654 g (0.029 mole) of trans-1, 
4-cyclohexanedioi and 80 mL of ja-dichl orobenzene. To this stirred 
mixture was added 3.105 g (0.0149 mole) of trans-l-4-cyclohexanedicar- 
bonyl chloride and 1.913 g (0.00799 mole) of sebacoyl chloride under 
a nitrogen atomosphere. The mixture was refluxed for 8 hr at 140°C to 
ensure complete evolution of hydrogen chloride gas. After cooling, the 
polymer was precipitated by pouring 80 mL of hexane into the reaction 
mixture. The polymer was allowed to stand in hexane for 24 hr at 0°C. 
After washing three times with acetone, several times with deionized 
water, three times with methanol and finally several times with deioniz¬ 
ed water, 7.42 g of polyester III was obtained after drying in a vacuum 
oven for 24 hr at 120°C. 
Preparation of polyester IV, using a TCCC: SC ratio of 7:3. A 250-mL 
three-necked, round-bottom flask, equipped with a condenser, a nitrogen 
gas inlet, a magnetic stirrer, a thermometer, and a potassium hydroxide 
trap was charged with 3.000 g (0.0258 mole) of trans-1,4-cyclohexane¬ 
dioi and 90 mL of o-dichlorobenzene. To this stirred mixture was added 
3.780g (0.0180 mole) of trans-1,4-cyclohexanedicarbonyl chloride and 
1.854g (0.00775 mole) of sebacoyl chloride under a nitrogen atomosphere. 
The mixture was refluxed for 8 hr at 145°C to ensure complete evolution 
of hydrogen chloride gas. After cooling, the polymer was precipitated 
by pouring 90 mL of hexane into the reaction mixture. The polymer was 
allowed to stand in hexane for 24 hr at 0°C. After washing three times 
15 
with acetone, several times with deionized water, three times with 
methanol and finally several times with deionized water, 8.10g of 
polyester IV was obtained after drying in a vacuum oven for 24 hr at 
120°C. 
RESULTS AND DISCUSSION 
The monomer, trans-1,4-cyclohexanedicarbonyl chloride, which is 
very senstive to moisture, was prepared and stored under moisture free 
conditions. Random polyesters I, II, III and IV of poly[oxy-trans-l,4- 
cycl ohexyleneoxycarbonyl-trans-1,4-cyclohexylenecarbonyl-co-oxy-trans- 
I, 4-cycl ohexyleneoxysebacoyl ] we>~e prepared with trans-1,4-cyclo- 
hexanedicarbonyl chloride and sebacoyl chloride ratios of 1:1, 3:2, 
0:65:0.35, and 7:3, respectively, by step reaction polycondensation 
with trans-1,4-cylohexanediol. The synthetic routes leading to the 
monomer, trans-1,4-cyclohexanedicarbonyl chloride, and polyesters I, 
II, III and IV are outlined in Schemes 11-1V. 
c>-Dichlorobenzene, b.p. 180°C, was used as a solvent in the 
polyesterification reaction. Because of its high boiling point the 
reactions were carried out at 145-150°C. The high temperature facili¬ 
tated the reactivity of the monomers yielding a high molecular weight 
polymer. Acid chlorides were used instead of acids because they are 
more reactive and the by-product, hydrochloric acid, is easier to remove 
than water. Formation of the hydrochloric acid by-product and excessive 
heating could shift the equilibrium to reactants which may result in 
degradation of the polymer. It is therefore necessary to purge the 










Ordinarily, characterization of polymers^,33 involves solubility, 
solution viscosity, melt viscosity, average molecular weight, elemental 
analysis, thermal analysis (DSC and IGA), and spectroscopic techniques 
(IR, 1H IWR, WR). v/e used most of the above techniques in 
characterization of our random polyesters. 
Characterization of the homopolyester, poly[oxy-trans-l,4- 
cyclohexyleneoxycarbonyl-trans-l,4-cyclohexylenecarbonyl], was much more 
difficult than that of polyesters I, II, III and IV. The homopolyester 
did not dissolve in most ordinarily used solvents and/or combinations 
of solvents. Thus, characterization by gpc was impossible. Gpc 
data of polyesters I, II, III and IV synthesized in this experiment 
confirmed the polymeric nature of the ester reaction product formed. 
In DSC, the differential heat flow between a sample and a reference is 
plotted as a function of sample temperature. The glass transition 
temperature (Tg) is the temperature below which a polymer is hard and 
glassy. Above Tg the polymer which is sufficiently high in molecular 
weight behaves as a rubber or leather. Tg is represented as the base 
line shift while the melting transition (Tm) corresponding to a first 
order transition is indicated by an endotherm. Polyesters I, II, III 




A correlation of intrinsic visocity with molecular weight for 
linear polymer can be achieved through the empirical equation proposed 
by Mark and Howink. 
[n] = kMv 
where Mv is viscosity average molecular weight and k and a are constant 
for a particular polymer-solvent system. For monodisperse system, 
Mv = Mw = Mn 
where Mn is the number average molecular weight (Mn = z N-j M-j/z N-j 
where N-j i s number of mol es and Mj is the mol ecul ar wei ght of speci es i ). 
In general the broader the molecular weight distribution the more 
Mv may vary in different solvents. Mv is much easier to measure than 
Mw once k and a values are known, and it is often convenient to assume 
that Mv = Mw becomes Mv is closer to Mw than to M^,. 
21 
The inherent viscosity of the homopolyester was 0.41 in m-cresol 
at 30°C and that of random copolyesters I, II, III and IV were 0.33, 
0.51, 0.46 and 0.55 dL/g, respectively, in _o-chl orophenol. 
The higher inherent viscosities of polyesters II, III and IV 
relative to the homopolyester is an indication of higher reaction 
conversion; thus, higher molecular weight polyesters. 
Infrared Spectroscopy 
The infrared spectrum in cm"! of polyester I is presented in 
Figure 4 and the peak assignments are given in Table 1. The infrared 
spectra of polyesters II, III and IV are very similar to that of 
polyester I. 
Polyesters I, II, III and IV showed peaks at 3430 (0-H stretch), 
2940 and 2860 (C-H stretch), 1720 (ester C=0 stretch), 1450, 1370 
(methylene C-H bendings), 1250, 1160, 1090 and 1040 (C-0 stretch) cm-!. 
The peak at 1040 cm“l is characteristic of aliphatic esters and poly¬ 
esters. The homopolyester showed peaks at 2940 (C-H stretch), 1740 
(ester C=0 stretch), 1250 and 1030 (C-0 stretch) cm“l. 
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Figure 4. IR spectrum of polyester II. 
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Table 1. IR Absorption Peaks and Assignments of Polyester II 
Functionality Energy/cm“l Assignment Remarks 
Ester C=0 1740, 1720 Ester C=0 
stretch 
strong 
C-0 1250-1030 C-0 stretch broad, medium 
C-H 2940-2860 C-H stretch mediurn 
C-H 1450, 1370 C-H bending mediurn 
0-H 3430 0-H stretch broad, weak 
24 
Nuclear Magnetic Resonance Analysis 
The proton nuclear magnetic resonance spectrum of polyester II in 
deuterated chloroform is shown in Figure 5. The broad pea< around 6 4.8 
represents the methine proton of the cyclohexane ring. The peaks around 
6 2.3 represent the methylene proton of the cyclohexane rings. The 
peak aroound 6 2.0 represents the methine proton adjacent to the 
carbonyl of the cyclohexane ring. The peak at 5 1.5 represents the 
methylene protons of the sebacoyl group. 1H NMR spectra of polyesters 
I, III and IV are very similar to that of polyester II. 
Elemental Analysis 
The analysis results were as follows: Anal. Calcd for polyester I 
(^14^20^4)1(C16^26^4) 1 : C, 67.42; H,8.61 Found: C, 66.07; H, 9.08 
Anal. Calcd for polyester II (C14 83004)3 (Cjg H26 04)3: C, 67.31; H, 
8.85 Found: C, 66.5; H, 8.97. Anal. Calcd for polyester III (C14 H30 
04)o.65 (c16 h26 °4) : C, 67.20; H, 9.12. Found: C, 66.43; H, 8.96. 
0.35 
Anal. Calc for polyester IV (C14 H20 04)7 (C16 H26 04)3: C, 67.07; 
H, 9.40. Found: C, 66.39; H, 8.85. The elemental analysis data were 
reasonable for the proposed structures. 
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Polarizing Optical Microscopy 
Random polyester I showed some interesting behavior on heating 
under polarized light. In the temperature range 150-190° the crystals 
began to glow. Between 190-220°, under crossed polarized light, the 
crystals appeared as green and yellowish green. After stress was 
applied to the crystals by movement of the cover slip, at about 200°, 
the crystals appeared as a green and yellowish green birefrigent fluid 
phase and became aligned in an approximately parallel orientation. In 
white light a clear fluid was observed. This behavior is characteristic 
of liquid crystals in the melt. In the temperature range 220-250°, an 
anisotropic fluid with rapid motion of the fluid was observed and the 
polymer began to darken. This was an indication of possible decomposi¬ 
tion of the polymer. 
Polyesters II, III and IV showed very similar behavior when heated 
under crossed polarized light. The crystals began to glow at about 
210° in polarizing microscopy. At 230° they glowed fully and brightly. 
Between 260-290°, under crossed polarized light,the melt appeared as a 
green and yellow biréfringent fluid phase. In the absence of the 
polarized light a clear fluid was observed. This behavior is once again 
represetative of liquid crystalline melts. At about 290°, an aniso¬ 
tropic fluid with rapid flow was observed. When the polymers were 
heated above 290°, they darkened and possibly decomposed. 
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Thermal Analysis 
The differential scanning calorimetry thermogram of polyester I 
shows a broad endotherm at 190° followed by decomposition (Figure 6). 
DSC thermograms of polyesters II, II and IV should be rerun. 
Thermogravimetric analysis of polyester I shows decomposition at 360°. 
TGA thermograms of polyesters II, III and IV are similar to that of 
polyester I (Figure 7). 
Gel Permeation Chromatography 
The average molecular weights were obtained using Gpc. These and 
the polydispersity indices (Mw/Mn) are presented in Table 2. Polystyrene 
narrow-molecular weight standards were used to calibrate the 1 Styragel 
columns used. The Mn values of polyesters I, II, III and IV generally 
decrease and the Mw values increase as their chain stiffness increases. 
This is explained by the Mark-Howink Equation discussed earlier. 
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Table 2. Average Molecular Wei ght and Polydispersity Indices 
Polymer Mn Mw (M«/Mn) 
Polyester I 4767 8344 1.75 
Polyester II 5045 15850 3.14 
Polyester III 3861 17660 4.57 
Polyester IV 3749 19545 5.21 
Mechanical properties such as tensile strength, toughness and 
extrudabi1ity are related to the values of specific molecular averages. 
Generally a particular polymer with a high Mn would have a higher 
tensile strength compared to that with a lower Mn. Conversely, a 
polymer with a low Mn would have better flow properties than one with a 
higher Mn. Resistance to deformation increases with increasing average 
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Figure 6. TGA thermogram of oolyester I. 
30 
TEMPERATURE. fCHBOf/>cL/ALUMÊL) 
Figure 7. TGA thermogram of polyester I 
CONCLUSIONS 
We have synthesized several liquid crystal random copolyesters by 
using the random inclusion of flexible sebacoyl units interspersed 
between the stiff units of oxy-trans-l,4-cyclohexyleneoxycarbonyl-l,4- 
cyclohexylenecarbonyl along the polymer chain. The original homopoly¬ 
ester had decomposed without melting and was insoluble in most common 
solvents. The random copolyesters prepared in this work melt into a 
biréfringent fluid phase at relatively low temperatures, have a rela¬ 
tively narrow temperature range over which the thermotropic behavior of 
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